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1 

[ft*^2l ^:/^D7^ hV^S^iS, :t;^x>'l'^-^* 

tfi*«3] ®>'^D7i5' hV^Sji^ KT'^n^i? K 
>ro a -^Sr-feSff 1 * 2 is^roffifigifeio 

[0 0 0 1 1 
(0 0 0 21 

y y ^7 7-<(:lt5^^T{i, W-ry- (Rayleigh) <75|Hlt^ 

fflV^e>nsy yi/7 7-fffl<D@3t3tai(i. Sg4 3 6nm 
»g^> j^S 3 6 5 mnCO i i^, jSS 2 4 8 nni(75K r F 

f^roS^tTtait LT. JKSl 9 3nm(DA r F^idrv-^U 

(0 0 0 3] Ar F^i^WU— 

V^(OX\ Ar F:3i^->-TU'-i^*-5t(;iSS^tvSNFWliT- 

(0 0 0 4] A r Fm^v'-r I^— i^'— ^Jt^OUi?;;^ 

D. C. Hofer, Journal of Photopolymer Science andTe 
chnology, Vol.9, No. 3 (1996) 387-398 {C|E«$tv5 



2 

[0 0 0 5] 

^^^irgf^^^PJ L. A r F-^K r F/^i'Oaidfv^ 

u— »f- y y >/7 7 {en L fc{t;^ti«6Mco^i?M 
10 [0 0 0 6] {c'^^^mMna^'ym.'^'.^:^ 
[0 0 0 7] 

[0 0 0 8] 

ifhti^o x<oM.i^m^j:mmtLX{-t. i^^^) r^y 

[0 0 0 9] *«?gff4, A^A^i>mm'pl,:i. y^ayi' 

"0 €.0 :/^n7i!' h>'^StC*5»t'5^-g'#(0<Tl:e(4#(c|5g 

*3*>2— i)^h1^^^<Dmx\/^i,iy<DXh^:iti^X' 
#5„ r(Dj;5i'£:/^n7^' hV^SSr^-r^a-g-mffi 
(4. ^(Otf^fd^fjJcmiiSLfcJIg^^SSr-ttpr ttT-# 

60 [0 0 1 0] 1»flg4>t;i>^^t37i!' h>^s^^Ai-5(c 
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[0 0 11] {k^ii*M^ui^>^ hffl(7)«J3ifi-IS(c. ^ 

[0 0 12] m<Di'fm{c^y)nm-r^m\ti^z^y^ h(D^ji- 

i?T'<2^*qT'fo . 0iJx.«. tert--:f^/U(DX')fj:l-iiL 
T'5J^®Lfcr/l-:^/l-S ; 1 -rc h^rv-:!^^/!., 1- (2 
-^^yU:7'n;Jf:3^v') zc^/w^ 1- (2 -y h^^s^o/^n h 
Jrv-) 1- (2-T± h^iy^h^iy) 

1- [2- {1 -r^'^>^/l^:;i-^iy) :r.h^iy] 
•:^^/V:fcctU^l - [2- ( 1 -r^-7>^:x;^/^;K^/^ 
t J:^^ 1 -T/U^^^i^T/U^Jl^S ; 7" h ^ fc Kci - 2 - 
7^ h ^ t Kn- 2 - h'^^yi-. 3-;^^yi/ 
^n^ariX/U, 4 -y ^^/l-x h ^ t Kn - 2 - 

2-y5"/W-2-ry-^V^ybOj;9=^C. 

[0 0 13] ^mmx*m\^^^mm^t^ y<^-=->^m% 

^SS^^-f-^tt-g^WiSrl 0-6 0 ^yu%co|EHT*^^ 
*-r5S^W5:ll^ 1 0--9 0^yw%(/)ffiH(-fo6<7);65 

(1. ^^T2 0^>'i'%l^±ff^£-r^)(O;65$f^ ^fc 



(3) 

4 

[00 14] ho—^co^^xh^mm^mt. ^(om 

:^/\^t-^:y^\L^m. :^J\^7^^—Vi\:.^m 

[0015] >?:7^-/U3— K^'^A h y :7y^;^-ny 
^>'::^y^7J^^— 4 — y ^^ri/:7a:::^/^:yal^/^^" 
K^^i^ --^=¥-9-:7/l-;^-nTV^^^^— 4-yh 

— K^i^A ^ h^y/^;:*-n7tf U— t">^ (4— tert 

y=^—h. t:';^ (4 -tert-y^/Wyzii::i/U) 3— Kn 
r>A ^^•^y;}^:;^x2T:y'^^^-—V. t'^ (4 -tert 
20 -yf^yU^^ai^/L-) 3— K^f^A h y >^/U:^py 

[0 0 16] h y :7:ii::^/U^/U7j^^r>i:, 

y :7/^:^Dy 4 _ ^ ^7 ^ 

i^y :xL=~/v:;^jV'!i^=z.^ ^i^^^y ;i.:;^uT l^^f-^:^^ — 

V. 4-y h=^V'>^:n:^/W>?>^^r^/U;;^/l.7K::^rj7A h 
y :7/U;^i:iy 4 -y ^/l-y^zc^/U>? 

y'^j=:/i-;^/V7f;;=:r^i:. h y :7/U;^n y ^ >;^yU/J^;^;— 
30 2, 4, e — h^) p^'f'/l-y =rL=~;Viyy :jL=^;Vy.;V:^ 

h y >^/l-:^ny :$^>>^/V7Jn^.— 4-tert- 
-f^^/i^y =n.=.;\^^J'y :jL=^;vy./V:^==^^ h V y;\^:tu 

^>y>/U7i^^^— 4 -y ai=-/i''f-yty z^^y^iyy zn. 
^/^>^/l^7^^^^7A ^^•^y/u:;i-u7i^y.y 4- 

:7yu;<}-nrv^^^>" 1- ( 2 h ^yuy ^ 

1- (2 h^/uy ^/w) =^:ty^^M. hVy/\- 
:^ny ^>^y./U7f;^-— 4 - t Kci r^ri^- 1 -■^:7^ 

4 - h Kn:^i^- 1 --:h>'f^/Ui/y ^/^;^/P;J;^r^ 

[0 0 17] 2-y^/u-4. (hy^aoy 
f^/U) -1, 3, S-l-yTv^^'. 2, 4, 6-hyy. 

( h y ^ 1:2 ay ^/w) -1, 3. 5-hyrv^v. 2- 
:7^n/v-4, 6 - b'y.( h y ^ CI py ^/u)- 1 , 3, 

S-hyTi/V-, 2- (4-^nny^iii:=:7U) -4, 6 
-tf;^ ( h y ^ D ny f^/l.) -1, 3, 5-hyTv^ 
V. 2- (4-y h^v-y'rEiJi^yl.) -4. 6-tf;^(h 
50 y ^nny^/u-)- 1, 3, 5-hyT>^>^. 2- (4 
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(4) 



-1, 3, 5 - hVTi^l^^ 2~ (-<V>^ 
[d] [1, 3] e/:^=^y^>'- 5 --Yv'W -4, 6- 

t-^;^ ( h y >:^nD7«^/u) -1, 3. s-hyrv^v. 

2- (4 h:^'>;:^^y /P) -4, 6-h*;:<.( h y 
napi^/U)-!. 3, S-hyZv^V-, 2- (3, 
4, 5- h y ;^ h^v>>^^y/W) -4, 6-t*>^. {hV 
^uu^^fX.) -1, 3, 5-hyTv^V. 2- (3, 

4- >?^ h:^v-;^^yyW -4. (hy^un 
^^/W -1. 3, 5-hyT>^>'. 2- (2, 4->^ 
^ h=¥i/;^^y/v) -4, ( h y a n ^ ^ 
/U) -1, 3, S-hyrv^V-, 2- (2-^h^v';^ 
^ y /U) - 4 , 6 - b*;^ ( h y i7 a n ;^ - 1 , 3 , 

5- hyTv>V. 2- (4-:/h^>^;^^y/W -4, 

6- tr^(Hy ^nn;;«^/W)-l, 3, 5-hyrv? 
V. 2- (4-^V^/W;^^v';^^y/l-) -4, 6 -If 
^ (hy^nnT^^/W -1, 3, s-hyrv^v, 

[0 0 181 \—^:yV^)V—\~y^:z.)V:^^}V p 

h) . 2— <>'>/-Y>'W-2- t Kn^rv'-2-:7zn:=:>'P 

/V-^vy^ V hi/U— h) , 1, 2, 3--<>'if>'hy 
-f/l^ h y ^ ^'^/l^/J^^-— 2, 

^'v/yi^ p - 2— :=ihn^>>? 
p — h/U^^'XyU;^;^— 4 — h n V v^/V- 

[0 0 19] ^J-y i^y./U7^:y, iy~p- h yyi^ 

>^ \fys (p- h y /u^/i-T^^^/w) i/TV^^i^^ \^y. 

\fy^ (2, A-^^y"^) }Vy.}Vi^^:z.}V) i^TV;^^ 

[0 0 2 0] N- (>^zc^/^;;^y^7}^:n/^;^^^v/) :^ v- 

-/i-;^^^/) T^^yi^-r^ h\ N- ( h y >'/^yJ-cip<f^/U 
;;^/l.;J^:=L/U;;^-:^v') - 5 - 7 yU^/U-^^ V - 2 . 
jVy^^^y^^V. N- ( h y ^/u;^/U7j>r^/W 
;^-^>^) -:^:7^/^^^^^ n- {1 0 ~^>y r—:^^\- 

[0 0 2 1] Sfc. -^S{c:{b^iif|iMM<7)7j^i:^Muv?;^ h 



[0 0 2 2] 



,13 



N N 
14 p15 Bis r14 



Rl4 R'^ Rl5 R 



>12 



>13 



>11 



N 



r"-n n-r''^ r"-n o 



11 



^R12 



12 



j11 



>11 



[0 0 2 3] ^4*. Rll^ Rl2^ Rl3^ Ri4iBj:UtRl5 

liSv>(c:?fiiz:t^. tK^. *^»T*«^^nTfc J:^^r/^ 
=¥/^. v-^ nT/W^/l-, T y — /cfiT/V-^i^v^^^ 

ry-y^ti. ^^^6-1 OSST'fe^r <!r;55T*^5o 

[0 0 2 4] ■^^^(OUi^y. hMJ^^fi. ^O^HJK^i- 
«4Sra»tC. «agS:8 0-9 9.9«»%. -^LT^^ 
^^JSrO. 1-2 0a»%(D®HT^:#-r^O/5iSjif^L. 

40 (c, 0.00 0 1 ~o. iafi%oteffl-e^w-r5o;55^if^ 

[0 0 2 5] :*:^P^cOUi;^>^ hm^^^tlii^. ±150^ 
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(5) 



Jl&tSr^SSiJ; ^ffiii-t- a *:> (^JD^*n,S^fT o fc . 
[0 0 2 7] 

kz.mm'T^tK :^mmn:^fih(o'mmm\:i^^xt^A,h 

[0 0 2 8] {^/-^-(D^m) 
i L/Co ^ntChy3i^/i.r^ VI 8 3.6g (a->^n 

*^sr2iH]fTofc. ^mm^mmi^x. d^^x^^ti^ 

a - ^ y o:^i/- y ~^^ay^ h V^lR^S 
[0 0 2 9] 

CH3 
CH2=C-C-0 



[0 0 3 01 ^^^12 (i3iJ(7)^y-7-(7)^^) 
1 -r^-^>'^>';^7/l'7K^/U^ ay K5 5. 1 g i: t°y 
V4 4g5:tti2^^, 1 -Ty-^V^>';^/u#n/Ui57 n y 

Ko2aftfgop«^/u^ yy^/i^^ h>^m^xmmt 

7.2g ( 1 -T^-^V^V^;^/^^}^::^;!.^ n y Ktd^LT 



<9 

3m»fg(?5 1, 4->?;^f^f-V«rJPxT^?K^ t. 
^ :i (c:igS<D p - h j\^:x.:y^/U7i^ v^^TKfP^ <i: > 

y/ug!3 6 gSrttii^, ^Wixmi o^mmi^i^fco ^ 

^o^. 5 h y ^i.7K^?g-egfey^ 

^v>T7kJ5fe<^2iHi?Tofco z<D^mm^mmL 

T. ^^T*^^n6 1 -Ty-^>'^>:3^7/^7^^>'^2- 
( 1 y u^r naev^:3i h^s^v-) ^ii^^'USritK*? 5 

10 %xmfco 

[0 0 3 1] 

CH3 CH3 O 
I I II 

CH2=C-C-0-CH-0-C2H4-0-C 

O 




[0 0 3 2] -g-^^jS (SlJ(75^y-^-(7)^^) 
2 -y ^yl^- 2-T>/-^V^y-/i-8 3. Ig i: h y 

20 yi^r ^ >^ 1 0 1 g ^ttiA;^^, 2 0 0 gcDy ^/u-r yy^ 

ny K78.4g (2 -y 2 -T:?'-^^'^/ — /KC 

MLx i.s^M^) ^mTL^. '^(om. ^uxmio^ 
j^ys^mrnxmi^L^. ^v^T7k^5fe^2[H]^To/co ^mm^ 

: 2 - y ^yi-- 2 - T ^^-v- ^/^/ix^ilK^ 7 5 % 
[0 0 3 3] 

CH3 CH3 

CH2=C-C-i 
^ II 
O 



[0 0 3 4] ^f$,m4 mmMcD^f^) 
y yywg^i -oi y ij'i^ y /u^-r y^' 

/wn/K ^^itz-g^^^iJiT'^bti/ca-y y n>r D 

=^v'- V -y^cr^>:7 5:3: 2 O^yU-Jt (3 

1.6g:26.7g:13.6g) TttiZ.^. ^-^ey-^-^T) 

/Co ^rfc. mithmti.xT>^\f>^^yy'^t2=^hV/}^ 

^±'e/'r-m\cMl^X2^/U%mM\^. 8 0rT^^8 

xitm^it^mf^ 2^rr\^\ mmi^tzo t<D^W:. 

^XTjK^tl^ #^{4cO*l^£^/Ht;d5 5 0:30:20 

T% mmW'i^^'i^mr-^ lo, ooo co^m^i^i:mzo 

[0 0 3 5] 
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(6) 



■ CH2-C- 




CH2-C 



c=o 
I 

0-CH-CH3 
6C2H5 



10 0 3 61 -^^m 5 (l^flgAXW-g-fig : ifclSjffl) 
;^ ^ y ^i-m 1 h > ^ ^ y y 

/l-^^/K t3j;U!p« y/i^K^. 5:3: 2<^^/wit 

(3 1.6g : 2 6.7g : 6.9g) X'it^AytHiAm^ -g- * 




CH2"C 





5 0 : 3 0 : 2 0 T\ fi»¥*95>^- 
► S;d5^ 10,000 (^*a'g^ft:S:#/Co 
[0 0 3 71 

CH3 



CH2-C 



:2- 



OC2H5 



I 0 0 3 8 1 ^l&m 6 («fliA2cD^fi£) 

^^!)(;0*J2-e#e)tt;t 1 -Ty-^>'$'>:ti/U7r.:^s 

1 X'%htltza-;<^i^ y nif y-zfj-^^y^ 
Yly^^ 8 : 2(D^/Ht (33. 7g : 4.3g) T'ttii 





c=o o 
I II 
0-CH-0-C2H4-0-C 

CH3 



L. 8 ot;T-«a8^Pai*p?i?iLfc, ^wm^ m.^-m^±m 

<7)-^7'^>'(cav^T-jt®$-frS^f^Sr2(E]m\ *tSSL 

0 : 2 OX', m.m.^^9t=f-m.ii^m 10,000 cD*m-&»sr 

[00 3 9] 

CH3 

CH2-C 

c=o 




20 



[0 0 4 0] -^^^J 7 (ItflgAYW-^fife : ittiSffl) 

(33. 7g : 2.2g) T'tti2= A//c(J A^li, -g-fife^J 6 t ★ 




c=o o 
I II 
0-CH-0-C2H4-0-C 

CH3 




^/Ht^S 8 0 : 2 0 T% 
[004 1] 



■ CH2-C 



80 



wm^=f-m.-h^m 10,000 o 




[0 0 4 2] ^^^j 8 mmKin^m 
-g-figetj 3 T*# p> ixfc ;^ ^? y /ug? 2 - y ^/u - 2 - r y 



-■ff-^y^ bi^Sr, 3:5: 2 O^/Wifc (2 3.4g : 
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(7) 



11 

56. 2g : 1 1.3g) T'ttiZi^. / -r-(D 2 M4f& 

CH3 \ / CH3 



12 

*-^^Sif^?r2[HlfTi\ m^Lfco -tco^*. 

tl. ^^&(Dm^^/\^it^^ 3 0 : 5 0 : 2 0 T\ S4¥ 

10, 000 (D^m^i^^mtzo 

[0 0 4 3] 




CH3 



CH2-C 

c=o o 
I II 
0-CH-OC2H40-C 

CH3 




[0 044] ^^^J 9 mmPiZ<D^f$.) 

i;/ugf2->i5^yL~2-r</-rv^/u. i-ry 

:r.^/UisXXJ^y^ ^ ]) /i-m^. 3:5: 2 CO^yU 
It (23. 4g : 56. 2g : 5.7g) X-i±l2^/wfd\^M^^ ^ 



^ 3 0 : 5 0 : 2 0 T% MS^i^^J^ 

10,000 (D^m-^i^^mco 

[0 04 5] 




[004 6] mmm 1 ~ e j;tj«jtt{?0ij 1 ~ e 

Sl5*5J;r/*H::^i-i^^>'^-^— ^o.oigi5ffli/\ m 
lb^7°t3 t°L'>-^^!; 3— /u-^y > ^/Wji— r/^T-fe■r— 
5r> -^^f-^^/uv'v^Tif >- (HMDS) -cjaaLfc-^y =1 
iK^^^Lfcv-y S;i^m<^MJ?/i5 0. 

7 2Mmi:/j;SJ;9^^L/h„ WSISltWitl^tt. Brewe 
r|±(75 "XHRi-11" 1 7 St:. 6 0?}>(^^-i?*# 

<^r\ ^-f hJ^ y f-T^u- hiirxfrofcc 
[0 0 4 7] :i^LX\^'J^:^hmimf^Ltz^^y^- 
(d. K r F::i [(ft) = n V§g(75 "NSR 

1755 EX8A" . NA=0.45] ^fflV^T, y^^Tl^h'^^^— 

1 ('^-r^ftr-^K;^ ^^iidr;^^^-:^-^— ^— ^ (peb) ★ 



[0 0 4 8] 0. 5 Aira07^ V K;^^— ;^ 

f 

1 0 0 4 9 1 fi¥^s : mi^m&<Dm^&-Q^m-r^ 7 

[0 0 5 0] ^^SltE*-ifcWS:iSttTv^nev^S« 
[0 0 5 1] 



m No. 



Al Cl lOOtxeOlJso l/20#f? 45 inj/cni2 0. 35 ;i m O 
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13 












14 




// 


2 


Al 


CI 


// 


1/5 


40 mj/cm2 


0. 32 /I tn 


O 


// 


3 


A2 


C2 


60t:X60g? 


1/5 


45 mj/cm2 


0. 35// m 


O 


// 


4 


A2 


C2 


w 




40 mj/cm2 


0. 32 M m 


O 


// 


5 


A3 


C2 


70t:x60|i? 


1/5 


65 mj/cm2 


0. 35 /z m 


O 


// 


6 


A3 


C2 


w 




50 mj/cm2 


0. 31/2m 


O 







AX 


CI 


ioot:x6o# 


l/20#f^ 


30 mj/cm2 


0.40 urn 


O 


n 


2 


AX 


CI 


/; 


1/5 


25 mj/cin2 


0. 35 ;z m 


X 


n 


3 


AY 


C2 


60t:x60# 


1/5 ^IR 


30 mj/cm2 


0. 40Mni 


O 


// 


4 


AY 


C2 


ft 10 




25 mj/cm2 


0. 35 M m 


X 


n 


5 


AZ 


C2 


TO'Cxeo^ 


1/5 


40 mj/cm2 


0. 40^10 


O 


n 


6 


AZ 


C2 


// 




30 inj/cm2 


0. 35 Aim 


X 



Cl : N — V :j^^/Ui:^:iL^ y ^jUT 
C2: 2, 6 -i^^ yy'ti \i^/UTz:l]) y 

[0 0 5 3] ^fs.m 1 0 mmM<D^f&) 

^ ^) u^i/- y - ^^p h 5 0:5 

0(D^jUit (40. Og : 29. Og) TttiA^. / 

^^xitm^^^mf^ 2\E}n\^\ mmLtzo 't<D'^^. 
^^x*7jk^n. ^m&mKfS.'e/uit^^s 0 : 5ot% m 
m^m^^t-^'^m s^oooo^a-a-fr^ttfco 

[0 0 5 4] 



[0 0 5 5] 1 1 mmAS(D^f$.) 

y/l-^2-;^^yb-2-T^-r>f^/U, a - >^ ^ 

^1 h^v-^i^/u^^ 5 0:4 0:1 0(D^/U\t 
(40. Og : 23. 2g : 5.4g) T^ttiA^. t^^y-r — 

xitm^-^^m'fi: 2]B]n\^\ mmi^tco 't<Dmm. ^ 

^T'^^tt. ^W4com^^/l-it;5S 5 0:4 0: 1 0 

T\ ^m^m^^^mt-m ^.oooa^^m^w^mc. 

[0 0 5 6] 




[0 0 5 7] ^f^m 1 2 (<^fliA6cO^^£) 
7« y/l-®^2-;^^/W- 2-T^-v^V^yK a-p*^ 

e^l - (2 - ^^yl-^^UTK^^f-v') ^^71-^5 0:4 0: 
1 0 (D^/Uit (40. Og : 23. 2g : 6.4g) XttlL 
±'^y'^-<02mm^(oy^;vy( y-f^/x.^ yi^^ 



MA.xmm.tL.fzo -^^ilc, mihmt\^XTV\f:^^ y 
-f^uz^ V');\^^±^y'^-m^n\^X2^ji^%mM 

co-v7'^>{cai^T*it®^ii-5^i^$:2(H]m\ JftKL 

5 0 : 4 0 : 1 0T\ Sft^i^^^STi^^ 8,0000*4 



i 
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15 




CH2-C 




[0 0 5 91 -^^^^J 1 3 {mmM(0^1&) 

^ o^C3:3rv^-y -y^n^^ hV^oiU^;^^^ y 
^tert-y^/USr, 5 0:4 0: 1 OOO^/Ht (40.0 
g:23,2g:4.8g) T^ttiZ.^. ^^y-v-(0 2fi4 

CH3 \ / CH3 



J6 



c=o 
I 

0-CH-CH3 
0-CH2CHCH3J 
CH3 



•^^^i^^2\B\rf\^\ mmi.tio ^^o^*. jjc^t^^ 

tV. #W40*l^^/Ht;i5 5 0 : 4 0 : 1 0 T% MSV 
[0 0 6 01 




- CH2-C 



v 




[0 0 6 1 1 Mmm 7-10 

^^JStd. ^2l::.T^-rOTgSr i 5SP. g^^^^J^ LT 

0 4-7«^/^r7^-/U^;;?y^-^-yU;^yU;rJ^^r^^ y y 

0.30g|5. ^oJ;U«^^ V^i- — i: LT(75 2, 

^y rn— /i^^/p^^yUzn — x/WTiTT^— h 7 0^{C^;6^ 

Z^i^^-^l^ (HMDS) T'AO;SLfci'>y =i>^'>^/N— (tKcO 
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